A novel halophilic, Gram-reaction-negative, strictly aerobic, non-motile, rod-shaped and oxidaseand catalase-positive bacterial strain, designated WCC 4520 T , was isolated from a semi-hard, Raclette-type cheese. The colonies were yellow-orange; flexirubin-type pigments were not found. The strain hydrolysed gelatin, hippurate, tyrosine and Tweens 20 and 80. Optimal growth was observed with 6-8 % (w/v) NaCl, at pH 7-8 and at 27-30 6C. The genomic DNA G+C content was 33.6 mol%. In phylogenetic analysis based on 16S rRNA gene sequences, strain WCC 4520 T appeared to be a member of the family Flavobacteriaceae and the closest phylogenetic neighbours were identified as Psychroflexus gondwanensis DSM 5423 T (94.0 % 16S rRNA gene sequence similarity) and Psychroflexus salinarum CCUG 56752 T (94.0 %). The predominant cellular fatty acids were iso-C 15 : 0 , anteiso-C 15 : 0 , iso-C 15 : 1 G and iso-C 17 : 0 3-OH. The only detected quinone was MK-6 and the major polar lipids were phosphatidylethanolamine, an unidentified aminolipid and an unidentified polar lipid. Minor polar lipids and traces of polyamines were also detected. On the basis of the data presented, strain WCC 4520 T represents a novel species of the genus Psychroflexus, for which the name Psychroflexus halocasei sp. nov. is proposed. The type strain is WCC 4520 T (5LMG 25857 T 5CCUG 59705 T ).
At the time of its creation, the genus Psychroflexus, a member of the family Flavobacteriaceae (Bernardet et al., 2002) , comprised Gram-staining-negative, non-motile or slowly gliding, psychrophilic or psychrotolerant, slightly or moderately halophilic, rod-like bacteria with genomic DNA G+C contents of 32-36 mol% (Bowman et al., 1998) . Unfortunately, the type strain of the type species of this genus, Psychroflexus torquis 651 T , is no longer available from the CIP, LMG or ACAM culture collections and it is questionable whether it can still be used in physiological and biochemical analyses. At the time of writing, the genus Psychroflexus comprised five recognized species: P. gondwanensis (Dobson et al., 1993; Bowman et al., 1998) , P. torquis (Bowman et al., 1998) , P. tropicus (Donachie et al., 2004) , P. salinarum (Yoon et al., 2009) and P. sediminis (Chen et al., 2009) . Although Zhang et al. (2010) recently described the species 'Psychroflexus lacisalsi', this name has not yet been validly published (Euzéby, 2012) . All known strains in the genus Psychroflexus have been isolated from seawater, marine salterns or hypersaline lakes.
In this report, we describe a novel strain, designated WCC 4520
T , that was isolated from the salted surface of a cheese. When the taxonomy of this strain was investigated, using a polyphasic approach, the strain was identified as a novel species in the genus Psychroflexus.
Strain WCC 4520
T was isolated from a semi-hard, Raclettetype cheese that had a defective, unusually sticky surface. Raclette is one of several 'red-smear' cheeses that, as part of the ripening process, are inoculated with microbial consortia that have been washed off the surfaces of mature cheeses with brine. The microbial 'red-smear' consortium from the defective cheese was unusual in being yelloworange and slimy to sticky. The cheese had been produced in an Austrian dairy and then ripened in a cliff cave at 99 % relative humidity and 9 u C. The cave had originally been a tunnel of a salt mine before being converted first into an IP: 54.70.40.11
On: Wed, 24 Jul 2019 05:37:32 air-raid shelter and then a cheese-ripening cellar. There were 10 7 -10 8 cells of the novel strain, which could only be isolated on mannitol salt agar (MSA; Oxoid), in each gram of surface smear (i.e. the strain represented 0.1-1 % of the cheese-ripening microbial surface flora). Despite considerable efforts and the use of marine agar (MA; Roth), MSA and a complex agar medium containing 6 or 12 % (w/v) NaCl, it has not been possible to isolate cells of a similar type from any other cheeses or cheese brines during subsequent production cycles.
The novel strain grew well on tryptone soy agar (TSA; Roth) supplemented with 0.1 % (w/v) glucose and 6.5 % (w/v) NaCl (TSGA7), on tryptone soy broth (TSB; Roth) supplemented with 1.5 % agar and 6.5 % NaCl (TSBA7) and in TSB medium supplemented with 6.5 % NaCl (TSB7). No growth was recorded on agar media without supplementary NaCl, such as TSA, plate count agar (PCA; Merck) and brain heart infusion agar (Oxoid). Only faint growth was recorded on MA and on PCA supplemented with 3 % (w/v) NaCl. Best growth was observed on a mixture of MA and TSA (MA-TSA-NaCl) containing (l
21
): 40 g marine broth powder (MB; Roth), 13.3 g TSA powder, 30 g NaCl and 10 g agar (pH 7.0-7.5). The agar plates were incubated at 28 u C for 7 days. Purified colonies were preserved by lyophilisation or by storage at 280 u C as a glycerol suspension containing 12 % (v/v) glycerol, 1 % (w/v) sodium L-glutamate, 1.6 % (w/v) lactose, 0.01 % (w/v) L-ascorbic acid and 0.1 % (w/v) agar, at pH 7.0-7.5.
Cell morphology and motility were examined using a microscope equipped with phase-contrast optics (Leica). The strain was non-motile and rod-shaped, measuring 0.5-0.662-4 mm on TSGA7. It occurred primarily as single cells but short filaments measuring up to 13 mm in length and coccoid bodies were observed in older cultures on TSGA7 (Fig. S1 , available in IJSEM Online). Catalase and oxidase activities were determined with 3 % (v/v) H 2 O 2 and by using Bactident oxidase test strips (Merck), respectively. The Gram reaction was determined using the non-staining KOH method, as described by Buck (1982) , while gliding motility was determined as described by Buller (2004) . Growth at 5, 8, 10, 12, 15, 18, 25, 28, 30, 34, 37, 40 and 42 u C was investigated, in duplicate, on TSGA7 and in TSB7 (3 ml per tube, on a shaker), using cells previously grown for 2 weeks at 28 u C. To investigate pH tolerance, the novel strain was grown in TSB7 that had been adjusted to pH 4-10 (at intervals of 0.5 pH unit), using 1 M NaOH or 1 M HCl, prior to the broth's sterilization by filtration. Salt tolerance at 28 u C was explored on TSA and TSGA, with each medium containing 0.5-20.5 % (w/v) NaCl (at intervals of 1 %).
Hydrolysis was investigated basically as described by Cowan & Steel (1965) , using TSGA7 containing (l 21 ): 4 g gelatin, 1 or 10 g soluble starch, 10 ml (separately autoclaved) Tween 20, 40, 60 or 80 (plus 0.1 g CaCl 2 ), 100 ml skimmed milk, 40 g skimmed milk powder (Oxoid), 2.5 g xanthine, 2.5 g hypoxanthine, 80 ml egg yolk (Oxoid), 10 ml glyceryl tributyrate or 3.5 g L-tyrosine. The agar plates with starch and gelatin were examined for clear zones under or around colony sites after flooding with Lugol's solution (Merck) and HgCl 2 solution (12 g HgCl 2 , 16 ml concentrated HCl, 80 ml H 2 O), respectively, after incubation at 28 u C for 1, 2 and 3 weeks. The colonies were scraped off the agar prior to the flooding.
Plates of Columbia blood agar base supplemented with sheep blood (Oxoid) and DNase activity agar (Merck) were each sprinkled with 1.4 g crystalline NaCl or covered with a thin top layer of TSGA7 prior to inoculation. The inoculated plates were incubated at 28 u C for 1 week and then, after the DNase test agar was flooded with 1 M HCl, examined for evidence of haemolysis or hydrolysis. The presence of flexirubin-type pigments was verified by touching a well-grown colony with a drop of a concentrated KOH solution and seeing if the colony's margins turned red (indicating a positive result). Growth under anaerobic conditions was investigated, by incubation in evacuated plastic bags that each contained an Anaerocult A mini pillow (Merck), on TSGA7 and on TSGA7 supplemented with 0.1 % (w/v) KNO 3 . Nitrate reduction was determined in a broth containing 2 % (w/v) MB powder, 0.5 % (w/v) peptone from casein, 0.1 % (w/v) peptone from soymeal, 3 % (w/v) NaCl and 0.1 % (w/v) KNO 3 , at pH 7.0-7.5. After incubation at 28 uC for 1 and 2 weeks, the turbid cultures were investigated for accumulation of nitrogen gas in Durham's tubes and a small aliquot of each culture was mixed with Nit1 and Nit2 reagents (bioMérieux) to see if a red colour (indicating a positive result) developed; zinc dust (bioMérieux) was added to negative tubes to confirm the presence of unreduced nitrate. Nitrate reduction was also investigated using API strips (see below).
Acid production from carbohydrates and some other physiological characteristics were investigated using API 50 CHB, API 50 CHL, API 20 NE, API Coryne, ID 32 Staph, rapid ID 32 E, rapid ID 32 Strep and API ZYM tests (all bioMérieux). In contrast to the manufacturer's instructions, the API strips were incubated for up to 10 days and the ID strips for up to 5 days, at 28 uC in a humid chamber. Inocula were supplemented with 3 % or 6 % (w/v) NaCl by the addition of an appropriate aliquot of a sterile 25 % (w/v) NaCl solution. All cupules were completely filled and none were covered with paraffin oil. Reagents were added to the cupules of all strips according to the manufacturer's instructions. Oxidation of chemical compounds as single carbon sources was determined using GN2 MicroPlates (Biolog) according to the manufacturer's instructions, except that the suspension fluid was supplemented with 5 % (w/v) NaCl (Bochner, 2009; Rüger & Krambeck, 1994) . Cell densities were adjusted to give optical densities at 590 nm of 0.3±0.02, 0.4±0.02 and 0.5±0.02. All results were interpreted visually. The results of the phenotypic tests are given in the species description and Table 1 . A phylogenetic analysis based on the almost complete 16S rRNA gene sequence of strain WCC 4520 T (1488 bp) and the corresponding sequences of related species was used to determine the taxonomic position of the novel strain. Amplification and sequencing of the genes were carried out as described by Schmidt et al. (2009) . Phylogenetic neighbours were identified by first using the BLAST, megaBLAST (Zhang et al., 2000) and FASTA programs and then EzTaxon (Chun et al., 2007) . The most closely related established species were Psychroflexus gondwanensis DSM 5423 T (94.0 % 16S rRNA gene sequence similarity), P. salinarum CCUG 56752 T (94.0 %), P. torquis ACAM 623 T (93.1 %), P. sediminis KCTC 22166 T (92.7 %) and P. tropicus (92.5 %); 'Psychroflexus lacisalsi' H7 (93.8 % 16S rRNA gene sequence similarity) and some type strains of species in the genera Gillisia, Aquimarina, Gramella and Salegentibacter (92.8-91.6 %) followed by those of species in the genera Zunongwangia, Salinimicrobium and Mesonia (91.5-91.3 %) also appeared closely related to the novel strain.
The existing 16S rRNA gene sequence of P. gondwanensis DSM 5423
T (GenBank accession no. M92278) was improved by resequencing (FR849911). Pairwise comparisons of the 16S rRNA gene sequences of the novel strain and the 29 type strains that appeared most closely related to the novel strain were made by using a global alignment algorithm, implemented in the EzTaxon server. Phylogenetic and molecular evolutionary analyses were conducted using version 4 of the MEGA software package (Tamura et al., 2007) . In a phylogenetic tree created using the neighbourjoining algorithm, the novel strain formed a stable clade with the halophilic P. gondwanensis, P. salinarum, P. torquis, P. sediminis, P. tropicus and 'P. lacisalsi' (Fig. 1) .
Analyses of the genomic DNA G+C content and cellular fatty acids of the novel strain were carried out by the identification service of the Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH (Braunschweig, Germany). Cell biomass for DNA extraction was obtained from cultures grown in TSB7 at 28 u C and aerated by shaking. Bacterial cells were disrupted using a French pressure cell (Thermo Spectronic) and the DNA in the crude lysate was purified by chromatography on hydroxyapatite, as described by Cashion et al. (1977) . The DNA was then hydrolysed with P1 nuclease before the nucleotides were dephosphorylated with bovine alkaline phosphatase (Mesbah et al., 1989) . The genomic DNA G+C content was determined by HPLC (Tamaoka & Komagata, 1984) . Since the DNA was hydrolysed twice and the two resulting hydrolysates were each injected three times into the HPLC system, six measurements were obtained. The mean of these measurements, 33.6 mol%, was slightly lower than the ranges reported for P. gondwanensis, P. salinarum, P. sediminis, P. tropicus and 'P. lacisalsi' but higher than the range reported for P. torquis (Table 1) .
For cellular fatty acid analysis, cell mass of strain WCC 4520 T was harvested from the third quadrants of MA-TSA-NaCl and TSBA7 plates, after cultivation for 3 days at 28 u C. Fatty acids were extracted and analysed as described by Verbarg et al. (2008) . Identification was carried out with version 6.1 of the Sherlock Microbial Identification System (MIDI), by using the TSGA40 database, the ACTIN6 method and an Agilent 6890N gas chromatograph (Sasser, 1990) . The major fatty acids of strain WCC 4520 T grown on MA-TSA-NaCl or TSBA7 were iso-C 15 : 0 (43 % and 32 %, respectively), anteiso-C 15 : 0 (24 % and 14 %), iso-C 15 : 1 G (6 % and 21 %) and iso-C 17 : 0 3-OH (11 % and 8 %). The major fatty acids of strain WCC 4520
T and, for comparison, those of closely related species in the genus Psychroflexus are shown in Table S1 .
For the production of the biomass from which quinones, polar lipids and polyamines were extracted, strain WCC 4520 T was grown aerobically, in flasks shaken at 120 r.p.m., in PYE medium that contained 0.3 % (w/v) peptone from casein and 0.3 % (w/v) yeast extract and had been supplemented with 7.0 % (w/v) NaCl. Biomass of P. gondwanensis DSM 5423
T was produced under similar conditions, in PYE supplemented with 4 % (w/v) sea salts (Sigma). Quinones and polar lipids were extracted by following an integrated method (Tindall, 1990a, b; Altenburger et al., 1996) . Quinones were analysed by HPLC, using the instrumentation described by Stolz et al. (2007) . Polar lipids were analysed by two-dimensional TLC, the chromatograms being stained with molybadatophosphoric acid (for total lipids), ninhydrin (aminolipids), molybdenum blue (phospholipids) and a-naphthol (glycolipids). Polyamines were extracted from cells in the late exponential phase of growth, as recommended by Busse & Auling (1988) , and analysed using the HPLC-based method of Scholz et al. (2008) . A single major peak was detected in the analysis of the quinone system of WCC 4520 T . This was identified as MK-6, since it corresponded to a peak detected in the extract of P. gondwanensis, a species reported to possess MK-6 but no other detectable quinones (Bowman et al., 1998) . The major polar lipids of strain WCC 4520 T were identified as phosphatidylethanolamine (PE), an unidentified aminolipid (AL1) and an unidentified polar lipid (L2) that was only detectable with molybdatophosphoric acid (Fig. 2) ; minor amounts of an unidentified aminophospholipid (APL1) and three other unidentified polar lipids (L1, L3, L4) were also detected. Analysis of the polar lipids of P. gondwanensis DSM 5423
T revealed all of the lipids detected in strain WCC 4520 T plus another four unidentified polar lipids (L5-L8) (Fig. 2) . The differences between the polar lipids of strain WCC 4520 T and those of P. gondwanensis DSM 5423
T might reflect differences in the salinities of the growth media used to produce biomass of the two strains and/or the phylogenetic distance between the two strains (Fig. 1) . Although the major polyamine of P. gondwanensis DSM 5423
T was identified as sym-homospermidine [0.7 mmol (g dry weight) content has been found to be negatively correlated to the salinity of the growth environment (Yamamoto et al., 1986; Auling et al., 1991) . It therefore seems possible that the relatively low polyamine content of strain WCC 4520 T detected in the present study reflects the relatively high salinity of the growth medium that was used to produce the analysed biomass of this strain.
Although strain WCC 4520 T shows similarities with at least one recognized species of the genus Psychroflexus, it can be differentiated from any such species by its 16S rRNA gene sequence, its fatty acid and polar lipid profiles and several physiological and biochemical characteristics (Tindall et al., 2010) . Based on the phylogenetic, physiological and biochemical evidence, strain WCC 4520 T represents a novel species within the genus Psychroflexus, for which the name Psychroflexus halocasei sp. nov. is proposed.
Description of Psychroflexus halocasei sp. nov.
Psychroflexus halocasei (ha.lo.ca9se.i. Gr. n. hals halos salt; L. n. caseus cheese; N.L. gen. n. halocasei a moderate halophile of cheese).
Cells are Gram-negative staining, strictly aerobic, nonmotile and rod-shaped, with dimensions of 0.5-0.662-4 mm on TSGA7 and of 0.5-0.661-2 mm on MA. Primarily seen as single cells but filaments up to 13 mm in length and coccoid bodies develop in older cultures. Colonies on TSGA7 are yellow-orange, convex, glistening and non-translucent, with circular and entire margins. Pigment production is inhibited on media containing Tween 20. Colony diameters are 1-2 mm after 1 week at 28-30 u C on TSGA7 and 0.1-0.2 mm after 3-5 days at 28-30 u C on MA. Flexirubin-like pigments and gliding motility are absent. Growth occurs at 8-35 u C, pH 6.0-9.5 and 2.5-16 % (w/v) NaCl, with optimum growth at 27-30 u C, pH 7-8 and in the presence of 6-8 % (w/v) NaCl. Sodium salts are essential for growth. Positive for catalase and oxidase activity. None of the sugars in the API strips are fermented. Negative for the production of gas from glucose, anaerobic growth, reduction of nitrate, the VogesProskauer reaction and the production of H 2 S and indole. DNA, gelatin, hippurate, starch, Tweens 20 and 80 and tyrosine are hydrolysed but aesculin, agar, casein, hypoxanthine, lecithin, tributyrine, Tweens 40 and 60, urea and xanthine are not. Weakly positive for b-haemolysis. Clearly positive, in GN2 MicroPlates, for the oxidation of acetic acid, L-alaninamide, L-alanyl glycine, L-asparagine, Laspartic acid, dextrin, L-glutamic acid, glycyl L-aspartic acid, glycyl L-glutamic acid, maltose, L-proline, L-serine, succinic acid monomethyl ester, L-threonine and thymidine; weakly positive for L-alanine, c-aminobutyric acid, a-cyclodextrin, glycogen, inosine, a-ketobutyric acid, a-ketovaleric acid, DL-lactic acid, L-leucine, L-ornithine, propionic acid, succinic acid, Tweens 40 and 80 and uridine. The other substrates in the GN2 MicroPlates are not utilized. In API tests, positive for acid phosphatase, alanyl-phenylalanyl-proline arylamidase, alkaline phosphatase, glycyl-tryptophan arylamidase, indoxyl phosphatase, naphthol-AS-BI-phosphohydrolase and pyrazinamidase activities but negative for N-acetyl-AS-BI-phosphohydrolase, arginine arylamidase, arginine dihydrolase, a-chymotrypsin, cystine arylamidase, esterase (C4), esterase lipase (C8), a-fucosidase, a-and b-galactosidase, a-and bglucosidase, b-glucuronidase, leucine arylamidase, lipase (C14), lysine decarboxylase, a-and b-mannosidase, ornithine decarboxylase, phenylalanine deaminase, pyroglutamate arylamidase, pyrrolidonyl arylamidase, tetrathionate reductase, trypsin, tryptophan deaminase and valine arylamidase activities. The sole quinone is MK-6.
The polar lipids comprise major amounts of phosphatidylethanolamine, an unidentified aminolipid and an unidentified polar lipid plus minor amounts of an unidentified aminophospholipid and three other unidentified polar lipids. Polyamines are present only in trace amounts. The predominant fatty acids are iso-C 15 : 0 , anteiso-C 15 : 0 , iso-C 15 : 1 G and iso-C 17 : 0 3-OH.
The type strain, WCC 4520 T (5LMG 25857 T 5CCUG 59705 T ), was isolated from the sticky surface of a semi-hard Raclette-type cheese. The mean genomic DNA G+C content of the type strain is 33.6 mol%. T (a) and P. gondwanensis DSM 5423 T (b) after two-dimensional TLC and staining with molybdatophosphoric acid. PE, phosphatidylethanolamine; APL1, unidentified aminophospholipid; AL1, unidentified aminolipid; L1-8, unidentified polar lipids.
